OBJECTIVE: There have been numerous reports on association between attention-deficit/hyperactivity disorder (ADHD) and overweight/obesity in children and adolescents; however, most studies adjusted only for a limited number of possible confounders. METHODS: We analyzed the data of 11 159 six through seventeen-year-old participants in the German Health Interview and Examination Survey for Children and Adolescents. We determined weight status based on measured anthropometry and national reference data by International Obesity Task Force criteria. The parent-rated hyperactivity/inattention subscale of the Strengths and Difficulties Questionnaire (SDQ-HI) was used as a continuous measure of ADHD symptoms. We examined whether the putative confounders socioeconomic status, migrant status, parental body mass index (BMI) and parental smoking were associated with both SDQ-HI and overweight/obesity. Associations between SDQ-HI and overweight/obesity vs normal weight were analyzed by binary logistic regression analyses. In the first model, we adjusted for age and sex only and in the second model also for the parental confounders. RESULTS: SDQ-HI was associated with an increased risk for overweight/obesity in both sexes adjusting for age and sex. However, after adjusting for all confounders SDQ-HI was associated with an increased risk for overweight/obesity only in adolescent females. Socioeconomic status, parental BMI and parental smoking each were relevant confounders. Migrant status was also significantly associated with both SDQ-HI and overweight/obesity, thus qualifying as a confounder but contributed only weakly to the association. CONCLUSIONS: The association between ADHD symptoms and overweight/obesity is due to confounding by family background variables in all but adolescent girls. Possible reasons for the increased risk for overweight/obesity in this subgroup are discussed. We also propose possible mechanisms for confounding by parental socioeconomic status, BMI and smoking.
INTRODUCTION
Industrialized and transitional nations face an epidemic of childhood and adolescent obesity.
1 This is also true for Germany where recently 6.3% of children and adolescents were obese and 8.7% overweight but not obese. 2 Obesity presents a serious problem because of its biopsychosocial consequences. The resulting suffering as well as the economic costs to the health care system have made the prevention of obesity a public health priority in industrialized countries. It is therefore important to define risk factors for the development of overweight and obesity in childhood and adolescence.
Attention-deficit/hyperactivity disorder (ADHD), the most prevalent mental health disorder in childhood, is characterized by inattention, hyperactivity and impulsivity 3 that causes persistent impairment in more than one area of living. As recently reviewed, 4 numerous reports have investigated a possible association of ADHD or ADHD symptoms with obesity in children and adolescents.
Most of these were clinical studies. [5] [6] [7] [8] [9] [10] Clinical samples of ADHD from child psychiatric centers 5, 7, 9, 10 and of extremely obese children hospitalized in a tertiary university center for eating disorders 8 may have introduced bias. Two studies actually used historical reference data rather than a control group 5, 9 and the reported obesity prevalence in ADHD patients actually matched the contemporary higher population prevalence rates in Germany 2 and the US (National Health and Nutrition Survey), respectively. The high prevalence of comorbid ADHD found in children hospitalized for extreme obesity in a tertiary university referral center eating disorder unit 8 may have resulted from a selection bias and/or for comorbid eating disorders, both of which are associated with impulsivity.
Studies utilizing neuropsychological tests 6, 11 showed higher impulsivity in obese compared with normal weight children.
Among the few reported epidemiological studies, three found an association between ADHD diagnosis and obesity, 12-14 while two did not detect an association between ADHD symptoms measured by the Strengths and Difficulties Questionnaire (SDQ) and obesity. 15, 16 One US study (N ¼ 62 887) found that children and adolescents with parent reported professionally diagnosed ADHD not currently under medication had an odds ratios (OR) of 1.5 for overweight, while those currently using medication had an OR of 1.6 for being underweight compared with children and adolescents without ADHD after adjustment for age, gender, race/ ethnicity, socioeconomic status and depression/anxiety. 12 A recent German study showed similar results (N ¼ 2.863) in 11-17-year-old children and adolescents. 14 The few longitudinal studies are also not conclusive. [17] [18] [19] One reported prediction of obesity at 5.5 years by low self-regulation skills at 2 years of age (emotion regulation, sustained attention and inhibitory control/reward sensitivity), 17 while another reported no prediction of weight standard deviation score by ADHD over a 10-year follow-up. 19 A third study also did not report a prediction of obesity by ADHD over an 8-year follow-up period. 18 In summary, the majority of the above mentioned studies were based on clinical samples of ADHD or obesity that may have lead to bias. In addition, the studies are heterogeneous in terms of methodology, making comparisons difficult. Also, to our knowledge no study has looked at the association between ADHD symptoms and overweight/obesity while carefully controlling for putative confounders. This raises the question, whether there truly is an independent association between ADHD symptoms and overweight or obesity in children and adolescents.
The cross-sectional German Health Interview and Examination Survey for Children and Adolescents (KiGGS) provides comprehensive and nationally representative data for children living in Germany and allows to examine the association between parentrated ADHD symptoms and overweight and obesity, while adjusting for a variety of possible confounding variables.
Questionnaire-based screening instruments such as the SDQ capture the ADHD typical behaviors of inattention, hyperactivity and impulsivity in the form of scores. A large-scale twin study 20 and a sibling study 21 have provided strong evidence that ADHD may be better viewed as the extreme end of a continuum (dimensional) rather than as a category. Therefore, we chose to use the SDQ-HI subscale score as a metric scale of ADHD symptoms instead of physician or psychologist diagnosed ADHD.
We examined parental body mass index (BMI), socioeconomic status, migrant status and parental smoking as potential confounders of the association between SDQ-HI and overweight/obesity because these variables have been shown to be cross-sectionally associated with an increased risk for overweight and obesity in a previous publication utilizing the same database. 22 
SUBJECTS AND METHODS Sample
From May 2003 to May 2006, a total of 17 641 children and adolescents aged 0-17 years participated in the cross-sectional population survey KiGGS. The sample was derived from 167 sample points (communities) representative for Germany, stratified by federal state and community type. Within each sample point, participants were selected at random from the official registers of local residents with stratification in 1-year age groups. The overall response rate was 66.6%. 23 Information about sociodemographic characteristics was obtained with self-administered questionnaires filled out by the parents.
The survey was approved by the Federal Office for Data Protection and by the ethics committee of the Charité -Universitätsmedizin Berlin.
The present analysis is based on children and adolescents aged 6-17 years (n ¼ 11 378). After exclusion of 46 participants with no information on weight status and 173 patients with missing data on the parent-rated SDQ-HI subscale, the sample is comprised of 11 159 participants. For most analyses involving adjustments for the socioeconomic status score (11 067), migrant status (11 139), maternal (10 967) and paternal (10 356) smoking, and maternal (10 865) and paternal (9445) BMI, the number of participants was smaller due to missing data.
Data obtained from the physical examination
Body height was measured, without wearing shoes, by trained staff with an accuracy of 0.1 cm, using a portable Harpenden stadiometer (Holtain Ltd, Crymych, UK). Body weight was measured with an accuracy of 0.1 kg, wearing underwear, with a calibrated electronic scale (SECA, Birmingham, UK). BMI in kg m À 2 was classified according to International Obesity Task Force (IOTF) cutoff points for children and adolescents. 24 We defined underweight as a BMI-z-score that was below 18.5 kg m À 2 at 18 years. Overweight and obesity were defined by BMI-z-scores above the BMI-z scores corresponding to a BMI of 25 and 30 kg m À 2 , respectively, at 18 years. Overweight thus included obesity.
Data obtained from parental questionnaires
The 25-item parent-rated SDQ assesses mental health problems in children and adolescents aged 4-16 years. Scores are classified into five subscales: emotional symptoms, conduct problems, hyperactivity/inattention (HI), peer problems and prosocial behavior. Each of the items was rated by the parents as 'not correct', 'partly correct' or 'completely correct'. The reliability and validity make it a useful brief measure. 25, 26 In our sample, we calculated Cronbach's alphas of 0.665 (emotional symptoms), 0.548 (conduct problems), 0.778 (hyperactivity/inattention), 0.607 (peer relationship problems) and 0.651 (pro-social behavior). Using clinical interviews as a gold standard, the SDQ-HI subscale outperformed the Child Behavior Checklist detecting inattention and hyperactivity. 27 Each subscale has possible values from 0 to 10. We employed cutoffs for borderline and pathological scores from the English normative data. 28 Information on family income, occupational status and education of both parents was used to calculate the socioeconomic status score, 29 and migrant status was defined as at least two out of mother, father and child born outside Germany. Self-reported height and weight of mothers and fathers were used to calculate parental BMI. We considered the weight status of those parents who reported themselves as the biological parents only. Parental smoking at the time of the interview was reported in the questionnaire using the categories 'never', 'occasionally' and 'regularly'.
Statistical analysis
First, the association between the putative parental confounding variables with the SDQ-HI subscale was assessed in a series of linear and logistic regression analyses, with SDQ-HI subscale scores as the independent variable. The association between the putative parental confounding variables and overweight (including obesity) was assessed in a series of logistic regression analyses with overweight/obese vs normal-weight as the dependent variable in the 6-17-year-old age range of our study (to confirm previous positive results in the 3-17-year age range 22 ). Second, we calculated OR for overweight (including obesity) vs normalweight in binary logistic regression models for SDQ-HI. We entered SDQ-HI as the independent variable and adjusted in the first model for age and sex only, and in a second model also for parental variables proven to be confounders in the above testing. Parental variables associated with both the SDQ-HI score and overweight/obesity were considered as confounders for the analysis of the association between SDQ-HI and overweight. Significant interactions were included in the models.
We excluded children with underweight because of the U-shaped non-linearity of the association between weight status and SDQ-HI. We used sampling weights. 23 A P-value o0.05 (in interaction analyses Po0.10) was considered to be statistically significant. All analyses were performed using SPSS (version 17.0 for Windows; SPSS, Inc., Chicago, IL, USA).
The variance inflation factors for the independent variables all showed values below 1.25 using the tolerance feature of the SPSS linear regression function and the same (dependent and independent) variables as in our completely adjusted logistic regression model.
RESULTS

Description
Of the children and adolescents 5.2% were obese, 15.1% overweight but not obese and 6.7% underweight according to IOTF standards.
Of the mothers and fathers 24.0% and 47.4% were overweight but not obese and 12.2% and 13.4% were obese, respectively.
Median and interquartile range of SDQ-HI scores was 3 (1, 5). SDQ-HI scores were normal in 86.8%, borderline in 5.7% and pathological in 7.5% of the children and adolescents.
Association between parental variables and SDQ-HI scores as well as overweight/obesity All four variables that were tested as possible confounders (the three parental variables SES, BMI and smoking as well as migrant status) were significantly and positively associated with both the SDQ-HI scores and overweight/obesity of the child/adolescent as shown in Table 1 . We therefore adjusted for them in the regression models.
SDQ-HI scores and overweight/obesity There was a significant association between the SDQ-HI scores and overweight (overweight includes obesity and normal weight excludes underweight) after adjusting for age and sex but not after adjusting for all confounding variables (Table 2) . We detected a significant three-way interaction between the SDQ-HI scores, age and sex (P ¼ 0.001). The interaction between the SDQ-HI scores and sex was significant in females (P ¼ 0.002) but not in males (P ¼ 0.9). We therefore used separate models for males and females and included an SDQ-HI Â age interaction in females only (Table 3 ).
In the fully adjusted model (including parental BMI, parental smoking, socioeconomic status score and migrant status), the association between the SDQ-HI scores and overweight/ obesity turned non-significant for males (Table 3 ). In females, the association was strongly reduced after full adjustment, while the interaction with age remained unchanged and significant.
Using stratification by age group in females (Table 4) , the association between the SDQ-HI scores and overweight/obesity was significantly positive in the fully adjusted model only in adolescent females (age 14-17 years). Of note, there was a trend for a negative association between SDQ-HI scores and overweight/ obesity in preadolescent girls.
We examined the importance of the confounding family background variables separately and combined (Table 5) . Adjustment for parental BMI and parental smoking rendered the association between SDQ-HI scores and overweight/obesity nonsignificant when both sexes and all age groups were combined. Parental socioeconomic status score significantly weakened the association though it remained significant (P ¼ 0.046), while migrant status had no significant influence. Of note, the effects of maternal (OR We finally looked at the association of SDQ-HI with obesity (excluding overweight) vs normal weight using the same methods. After adjustment for age and sex, there was a significant association between the SDQ-HI score and obesity (Wald w 2 27.3, P ¼ 0.000, OR 1.101 with a 95% CI: 1.062-1.141) that again disappeared after adjustment for the parental confounders (Wald w 2 0.2, P ¼ 0.635, OR 1.011 with a 95% CI: 0.965-1.059).
DISCUSSION
We found an association between SDQ-HI scores as a continuous measure of ADHD symptomatology and the risk for overweight or Symptoms of ADHD and childhood overweight AWA van Egmond-Frö hlich et al obesity confirming most of the pertinent literature (see Introduction) when adjusting for age and sex only. However, we add to the existing knowledge by demonstrating that the association between ADHD symptoms and overweight/ obesity in children and adolescents in our sample is explained by the significant association of both ADHD symptoms and overweight/obesity with socioeconomic status, parental weight status and parental smoking and that there is no significant independent association between ADHD symptoms and overweight/obesity throughout the pediatric age range except for adolescent girls.
We therefore conclude that overall and in particular in boys and in 6-12-year-old girls, ADHD symptoms (measured by parentrated SDQ-HI) are not by themselves causal for overweight and obesity.
We find it intriguing that including the current publication three epidemiological studies failed to detect an independent association between ADHD symptoms measured with the SDQ and overweight/obesity, 15, 16 while three epidemiological studies reported a positive association between an ADHD diagnosis and obesity. [12] [13] [14] The diagnosis of ADHD requires ADHD symptoms in more than one area of living and it requires impairment of function sufficient to seek medical assistance that are not measured by the parent-rated SDQ-HI.
As the association of paternal BMI with SDQ-HI was at least as strong as maternal BMI, the hypothesis of Davis 30 that proposed programming of ADHD tendency in the child by maternal fat/sweet diet during pregnancy does not seem to be supported.
Possible mechanisms for the associations of the confounding parental variables with offspring overweight/obesity and ADHD symptoms are summarized in Table 6 . Overall, parental health behaviors linked to obesity, parenting style, parenting practice related to eating and physical activity, parental ADHD symptoms and parental reward sensitivity might be mechanisms explaining the influence of the investigated confounding variables. As none of these parental variables has been measured in this study, these hypotheses require thorough testing.
For the contrasting independent positive association of ADHD symptoms with risk for overweight/obesity in adolescent females compared with all other subgroups, we propose four not mutually exclusive hypotheses:
1. Adolescent females are under the largest cultural pressure to be thin and therefore most prone to diet. 31 ADHD symptoms were shown to be strong negative predictors of intentional weight loss in all previous studies 11, 32, 33 except for one. 34 Thus, while adolescent girls with low ADHD symptoms may have better chances to achieve normal weight, those with high ADHD symptoms might tend to fail and remain overweight.
2. The steeper and earlier age-dependent decrease in physical activity 35 and the relatively lower muscle mass limit activity energy expenditure in adolescent females. In addition, girls show relatively less energy consuming hyperactive and impulsive behavior in relation to inattentive behavior than boys. In addition, hyperactive and impulsive behavior decreases with time while inattentive behavior is more stable. 36 Adverse effects on food intake associated with ADHD symptoms would therefore be incompletely compensated by increased activity energy expenditure in this subgroup.
3. Dieting and restrained eating is most often found in adolescent girls. 31 Impulsivity is associated with eating disinhibition, 37 aggressive thought suppression and worrying. 38 It has been shown that disinhibited restrainers used thought suppression more often and were the only group to show a rebound effect for eating-related thoughts after suppression, 39 which is associated with overconsumption of attractive snackfood as shown in adults. 40 Indeed, in adolescent girls, but not boys, higher preoccupation with weight predicted the development of overweight/obesity, 41 indicating that motivation to lose weight may backfire in a significant subgroup. as well as higher unemployment rates 50 in adults and therefore lower SES. We therefore postulate that lower parental SES is associated with higher average parental ADHD symptoms. The later shows high heritability. 51 Socioeconomic status is associated with health behaviors like quality of nutrition, media use and physical activity. 52 These parental health behaviors are transmitted transgenerationally 53, 54 and thus affect overweight/obesity risk in offspring. Maternal educational level was, for example, positively associated with healthy food choices, being physically active and restriction of sedentary time. 55 
BMI
Adult (parental) BMI and ADHD 43 and ADHD symptoms 30, 56 are epidemiologically associated. ADHD is highly heritable 51 through both genetic and shared environmental influences.
The association between parental BMI and risk for overweight in their child is well known and is due to genetic transmission of disposition and cultural transmission of obesogenic behavior. 57 Smoking ADHD symptoms are linearly associated with the risk of smoking 58 and nicotine addiction 59 in epidemiologic studies in adults. The potential mechanisms (for example, nicotine to boost attention, shared genetic susceptibility and dysfunctional striatal reward system) have been recently reviewed. 60 Smoking is associated with unhealthy eating habits, 61 low physical activity and high media use. 62 Through environmental exposure and modeling this should increase the likelihood of an unhealthy lifestyle and consequently overweight in children. In addition, as parental smoking reduces adult BMI, 63 the predisposition for obesity can only be captured by parental BMI together with parental smoking.
4. The prevalence of binge eating is highest in adolescent females 31 and ADHD symptoms were shown to be associated with an increased risk for binge eating in adolescents. 19 Binge eating was shown to be a partial mediator 42, 43 of the association between adult ADHD and obesity in adults. A similar hypothesis was expressed by Davis. 30 Strength and limitations The main strengths of our report lie in the large representative sample, the use of measured rather than reported anthropometric data and the multivariate analysis that enabled the examination of independent effects of ADHD symptoms. In our effort to control for family, social and environmental influence, we included a sophisticated socioeconomic status score, migrant status and parental smoking in addition to parental BMI age and sex.
The distinction whether the adjustments for confounding variables represent over-adjustments, unnecessary adjustments or necessary adjustments is made based on the causal diagram. 44 Over-adjustment would require the parental variables to be mediators between ADHD symptomatology and overweight/ obesity. However, neither parental socioeconomic status nor parental smoking, parental BMI or migrant status can be caused by offspring ADHD symptoms (or by overweight of the child/ adolescent). As all the four parental variables were associated with both SDQ-HI scores and overweight/obesity, they can only be seen as confounders 45 and adjusting for them is necessary. The negligible variance inflation factors (see Subjects and Methods section) indicate that the lack of an independent association is not due to multicollinearity.
For practical reasons neither teacher-rated SDQ-scales nor selfrated SDQ scales (for participants 11 years and above) were used in this study. Especially the former data would have improved the objectiveness of the assessment of ADHD symptoms in the participants 46, 47 and added information on behavior in different environments.
Also the SDQ impact scale was not used in this study. It might have added information regarding the impairment associated with the ADHD symptoms, although it does not differentiate between the impact of attentional, behavioral, emotional or peer problems. We use SDQ-HI as a measure of ADHD symptoms not as a surrogate marker of the disease entity ADHD, where the impairment would have been an essential diagnostic factor.
The use of a screening questionnaire rather than an interview poses another limitation. An interview would have been impractical, given the size and scope of the study, and in addition it would have raised problems of inter-rater agreement.
In summary, the use of a subscale of a screening instrument rated by a single observer as the measure of ADHD symptoms has to be acknowledged as a limitation of this study.
CONCLUSIONS
In future studies, the association between ADHD symptoms and overweight/obesity should always be carefully adjusted for family background variables including parental socioeconomic status, parental BMI and parental smoking in order to avoid confounding of results.
It may be of interest to further investigate the mechanism of the co-causality of ADHD symptoms and overweight/obesity by parental smoking, parental BMI and parental socioeconomic status.
The independent association of ADHD symptoms with obesity/ overweight in adolescent girls is interesting and may be relevant for the prevention of overweight and obesity in this group. It should therefore be further evaluated by measuring behavior relevant for energy balance: selection of food and beverages, eating behavior including binge eating, physical activity, and media consumption.
